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ABSTRACT 
Physiological Response to Hooking Stress 
in Largemouth Bass (Micropterus salmoides) 
by 
A. Wayne Gustaveson, Master of Science
Utah State University, 1978 
Major Professor: Dr. Richard S. Wydoski 
Department: Wildlife Science 
vi 
Recent concern about large initial and delayed mortalities resulting 
from tournament angling for largemouth bass has indicated that it would 
be desirable to further evaluate the fate of fish that are released 
after being captured by angling. This study was designed to evaluate 
sublethal physiological disruptions caused by hooking stress after 
largemouth bass were played under standardized conditions (0-5 minutes) 
and to estimate the time needed for recovery of the homeostatic mechanisms 
(to 72 hours). Blood lactate was used as a measure of metabolic fatigue; 
plasma osmolality and chloride measurements were used to evaluate osmo-
regulatory disturbances and gill ion-exchange; and plasma glucose was 
used as an index of response to generalized non-specific physiological 
stress. Fatigue of largemouth bass, as indicated by blood lactate values, 
increased with playing time (0-5 minutes) and was accentuated by an in-
crease in water temperature. Blood lactate levels continued to increase 
during recovery up to 8 hours but returned to approximate initial values 
by 24 hours. 
Plasma chloride values did not change with playing time (0-5 minutes) 
at water temperatures of 11-13 C and 28-30 C but increased significantly 
vii 
a:ter 1 minute of playing time at 16-20 C indicating an osmoregulatory 
disturbance. However, at 11-13 C, the plasma chloride values decreased 
t0 below values for controls (0 minute) by 72 hours. At 16-20 C, the 
plasma chloride levels were nearly normal by 24 hours and were at normal 
levels by 72 hours. 
Plasma osmolality increased with playing time at all temperatures 
indicating an inunediate osmoregulatory disturbance. The osmolality 
values returned to initial levels by 72 hours at the cooler water 
temperature of 11-13 C. However, at the warmer water temperature of 
16-20 C, the osmolality values had not returned to the initial values
by 72 hours. 
Plasma glucose did not change at the cooler water temperatures of 
11-13 C and 16-20 C but increased significantly at 5 minutes of playing
time at 28-30 C reflecting the metabolic response of this species to 
warmer water temperature. The glucose values remained high throughout 
the entire 72-hour recovery period. 
Smaller bass fatigued faster than larger bass at the higher water 
temperatures (21-26 C and 28-30 C) as indicated by increased blood 
lactate values. Smaller bass also demonstrated a faster response in 
plasma glucose levels, probably as a function of fish size and meta­
bolism. Plasma chloride and osmolality in smaller bass showed a response 
similar to larger bass with an immediate disturbance in osmoregulatory 
process of fish as playing time increased. 
Stress imposed on largemouth bass that were caught by angling was 
demonstrated by changes in the blood chemistry which indicated that 
sublethal disruption had occurred in the metabolism and osmoregulation 
viii 
of the fish. Handling or holding fish after capture, as in fishing tour­
naments, probably produces more stress on the fish than the act of being 
caught and played by anglers. Angling stress is additive to other stresses 
already imposed on the fish and could result in increased mortality of 
released fish if the fish cannot adapt readily. Furthermore, released 
fish may also be more susceptible to diseases or fungal infections and 
more vulnerable to predation. 
(58 pages) 
INTRODUCTION 
Angling pressure has been increasing at a rate faster than the 
expanding U.S. population (Stroud, 1968). Improvements in transporta-
tion systems and increases in leisure time have added to increasing 
demands for recreation (Stroud and Martin, 1968). Future projections 
strongly indicate that this increased pressure will continue 
(McFadden, 1969). Therefore existing sport fisheries will need to be 
better managed to meet increasing participation in sport fishing. 
The largemouth bass (Micropterus salmoides) is one of the most 
popular warmwater game fish in the United States. This species is 
considered the most important game fish in 11 states and is also an 
important game fish in 31 additional states (Newburg, 1975). Recently, 
fishery managers have expressed a deep concern for largemouth bass 
because of the great interest in angling tournaments (Archer and 
Loyacana, 1973; May, 1972, 1974; S2idensticker, 1973). The evaluation 
of angling tournaments in various states, particularly in the south-
eastern United States, has indicated substantial initial and delayed 
mortalities (up to 98%) in largemouth bass that a.re caught and 
handled during these tournaments (Seidensticker, 1973). In addition, 
several popular sports writers (Cartier, 1975; Green, 1975; Rogers, 
1972; Wulff, 1973) have expressed concern to the public on current 
sport fishery management in the United States. Because largemouth 
bass are very vulnerable to angling (Anderson and Heman, 1969; 
Anderson, 1973; Redmond, 1974) and the potential exists for large 
mortalities after their release (Holbrook, 1975), it was particularly 
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desirable to evaluate the fate of fish that are released after being caught 
on hook and line. 
Objectives 
The objectives of this study were (1) to evaluate the severity of 
stress in largemouth bass after being hooked and played for varying lengths 
of time (0-5 minutes), (2) to follow changes in blood chemistry to 72 
hours after capture, and (3) to provide suggestions to minimize losses of 
released fish. 
Blood lactate was used to indicate metabolic fatigue, plasma osmo-
lality and chloride measurements were chosen to evaluate osmoregulatory 
disturbances, and gill-ion exchange function; plasma glucose disturbances 
were taken as an index of generalized non-specific physiological stress 
response. The study was further designed to evaluate the effect of 
different water temperatures on physiological responses in blood chemistry 
of largemouth bass. Such an evaluation should aid fish managers in deter-
mining the feasibility of a catch-and-release program for largemouth bass. 
This study also provided some basic values for blood chemistry in large-
mouth bass which can serve as a baseline for further research. 
Mortality of Fish During Angling Tournaments 
The success of a catch-and-release fishery depends on survival of 
the released fish. Studies of hooking mortality were begun over 40 years 
ago (Westerman, 1932), but most studies were concerned with initial mor-
tality of fish (particularly salmonids) captured with various types of 
terminal gear (Horak and Klein, 1967; Marnell and Hunsaker, 1970; Stringer, 
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1967; Shetter and Allison, 1955 and 1958). Bouck and Ball (1966) reported 
a delayed mortality of up to 87% in released rainbow trout following cap-
ture on artificial lures. The immediate loss of captured fish is usually 
due to injury of a vital organ by a hook and loss of blood. However, 
sublethal physiological disruptions are of equally great concern to the 
fish manager since they disrupt homeostatic mechanisms that could lead 
to increased vulnerability to predation, cause mortality through addi-
tional and cumulative stress in fish, or increased susceptibility of fish 
to disease during the period needed for recovery (Snieszko, 1974; Wedemeyer 
et al., 1977). A seemingly uninjured fish may be released by the angler 
but still be lost to the fishery due to delayed mortality caused by 
physiological stress, predation, or disease. 
Mortality estimat e s following release of sport-caught fish have 
been made for a number of salmonids (Marnell and Hunsaker, 1970; Mason 
and Hunt, 1967; Horak and Klein, 19&7; Klein , 1965). These investi-
gators believed that mortality was important and should be considered 
in managing the fishery. Mortalities of largemouth bass resulting 
from angling have been studied in conjunction with bass fishing tour -
naments. May (1974), in reviewing several studies of these tournaments 
noted that survival increased 10 percent during 1973 and 1974 tournaments 
when compared with tournaments in 1972. May attributed this increased 
survival to changes in tournament required rules that enlarged live 
wells and modified aeration systems. May (1974) and Wellborn and 
Barkley (1973) reported that tournaments held early in the year resulted 
1n lower initial mortalities than those held during summer months. They 
attributed increased mortality of bass to increased water temperatures 
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that, in turn, placed additional stress caused by fatigue; handling, and 
transportation on the fish. 
Attempts to increase survival of tournament-caught bass by injecting 
antibiotics to prevent disease have not been very successful. Plumb 
(1974) concluded that additional handling required for injection of the 
antibiotics had a detrimental effect on fish which offset any prophylactic 
benefit from the antibiotic. The total mortality (initial and delayed) 
of fish caught by angling can be correlated with the condition of fish, 
methods of handling the fish, and water temperature. 
A sunnnary of harvest and mortality of largemouth bass caught in 
fishing tournaments indicated that angling mortality was important and 
should be considered by the fishery manager (Table 1). Mortalities of 
bass caught in fishing tournaments averaged 20.96% initially in 25 tour­
naments and an additional 12.5% in delayed mortality in 8 tournaments 
(Holbrook, 1975). In the 8 tournaments where delayed mortality was 
determined, total mortality averaged 33.5%. 
In 44 national bass tournaments held since 1967 for which complete 
data are available, 6,178 anglers caught 55,316 bass weighing 221,033 
kilograms (100,456 pounds) (Holbrook, 1975). If we apply the average 
total mortality of 33.5% to this total catch, then a loss of 18,530 
fish weighing approximately 74,034 kilograms (33,652 pounds) would have 
occurred in these tournaments which gives an indication of the magnitude 
of these losses. As information is gained by management agencies on 
how to reduce mortalities, groups such as Bass Anglers Sportsman Society 
(B.A.S.S.) will provide this information to their membership. Holbrook 
(1975), for example, reported that mortalities were reduced between 1972 
Table 1. Summary of harvest and mortality of largemouth bass in fishing tournaments. 
Tournament 
1972 Florida National 
BASS Tournament 
1972 American Anglers 
Assn. Tournament 
1972 Rebel Invitational 
BASS Tournament 
1973 Florida BASS 
Tournament 
1973 Deaver Lake BASS 
Tournament 
1973 Rebel Invitational 
BASS Tournament 
1973 Lake Seminole 
BASS Tournament 
1973 Lal:e Keowee BASS 
Tournaml!nt 
1973 Wat:ts Bar BASS 
Tournament 
1973 Clark Hill BASS 
Tou rname,n t 
1974 Beaver Lake BASS 
Tournam1c.nt 
1974 Sam Rayburn 
BASS Tournament 
1974 Toledo Bend 
Tourna:ne:nt 
Reservoir 
State 
Kissimmee 
FL 
Toledo Bend 
TX 
Ross Barnett 
MS 
St. Johns 
FL 
Beaver Lake 
AR 
Ross Barnett 
MS 
Seminole 
GA 
Keowee 
SC 
Watts Bar 
TN 
Clark Hill 
SC 
Beaver Lake 
AR 
Rayburn 
TX 
Toledo Bend 
TX 
Number 
Anglers 
318 
200 
138 
159 
148 
163 
179 
26 
170 
193 
86 
Number 
fish 
caught 
1,422 
1,503 
1,048 
1, 713 
1,644 
1,863 
1,399 
261 
517 
423 
1,476 
3, 772 
448 
Fish 
released 
1,200 
91 
626 
1,465 
1,568 
1,666 
1,026 
219 
456 
386 
1,443 
2,681 
146 
Initial 
mortality 
(%) 
16 
93 
40 
15 
4 
11 
27 
16 
27 
9 
2 
24 
23 
Total 
mortality 
(%) 
31 
98 
75 
16 
29 
30 
32 
32 
Water 
tel'lp, 
27.1 C 
15.3 C 
21.1 C 
24 C 
20 C 
21.1 C 
Reference 
May (1972) 
Seidensticker 
(1973) 
Barkley (1972) 
May (1974) 
May (1974) 
Wellborn and 
Barkley (1973) 
Plumb (1974) 
Archer and 
Loyacano (1974) 
May (1974) 
May (1974) 
May (1974) 
Seidensticker 
(1974) 
Seidensticker 
(1974) 
v, 
and 1974 because of modifications in equipment and procedures now being 
used in B.A.S.S. sponsored tournaments. 
Effect of Exercise on the Blood Chemistry of Fish 
Exercise and stress imposes demands upon the energy reserves of 
vertebrate animals such as fish. Contracting muscle cells require 
substantial energy inputs, which come first from limited stores of 
muscle ATP and creatine phosphate (Hughes, 1965). Muscle and liver 
glycogen stores are then mobilized and energy released by aerobic 
glycolysis via the Krebs Cycle. Oxygen necessary for this pathway is 
obtained from the blood (Randall, 1970). With prolonged or severe 
activity, the oxygen supply is insufficient to completely oxidize the 
pyruvate produced during glycolysis. Instead, excess pyruvate is 
reduced to lactic acid which accumulates in muscle tissue and blood. 
After exercise or stress, the fish reduces its metabolic activity 
and decreases the rate of glycolysis. Accumulated lactate is then 
generally oxidized to pyruvate, which either enters the Krebs Cycle 
or is reconverted to glycogen. If the fish is unable to rest, it 
fatigues and often dies. The exact mechanism of death is not clearly 
understood, but lactic acidosis appears to be an important factor. 
Black (1958) reported a close relationship between plasma lactate and 
death in exercised rainbow trout, (Salmo gairdneri). Caillouet (1967) 
found a high negative correlation between blood pH and lactic acid in 
stressed channel catfish (Ictalurus punctatus). Further, he observed 
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a loss of equilibrium and exhaustion at lowered pH values. Jonas et al. 
(1962) injected rainbow trout with doses of lactic acid and observed 
7 
death when blood pH dropped below the normal 7.3 to 6.8. 
An important factor in lactate regulation involves the circulation 
of blood and oxygen to muscle tissue. Sufficient oxygen at the cellular 
level would mean a slow lactate buildup during activity and a rapid lactate 
removal following activity. Both factors would increase the resistance 
of fish to fatigue. The capacity for oxygen consumption and transport 
is dependent on respiratory rate, surface area and vascularization of 
gill lamellae, erythrocyte number, blood hemoglobin level, and heart 
rate (Randall, 1970). 
Changes in active metabolism might explain characteristics of lactate 
metabolism in fish. During short bursts of swimming activity, poorly 
vascularized white muscle is commonly used (Randall, 1970) and energy 
is supplied by anaerobic glycolysis. Lactic acid is produced and diffuses 
into blood plasma where it persists for up to 24 hours after activity has 
ceased (Black et al., 1960). This increased lactate concentration lowers 
the oxygen-carrying capacity of blood i.e., the root effect. A decrease 
in oxygen transport could result in lowered active metabolic rate and 
might explain the decrease in fish activity. Fish that are active or 
conditioned use "red" muscle for sustained swimming activity (Randall, 
1970). This tissue is highly vascularized and energy is supplied by the 
aerobic oxidation of fats. Thus, little or no lactic acid is produced and 
it is not a factor in response to stress such as imposed by being played 
on a hook. 
Black (1955) studied the level of lactic acid in blood before and after 
strenuous muscular activity in several species of fish. All species ex-
hibited a significant increase in blood lactic acid following exercise. 
A four-fold increase in blood lactic acid occurred following exercise in 
8 
largemouth bass. Many investigators have concluded that following exer-
cise, the lactic acid in blood will increase rapidly for a short period 
(2-4 hours) and that the lactic acid will return to pre-exercise levels 
after 4-24 hours (Black, 1957a, b, c; Black et al., 1960; Black et al., 
1961; Caillouet, 1964 a, b; Caillouet, 1967; Heath and Pritchard, 1962; 
Thomas, 1969). Stevens and Black (1966) reported that the level of blood 
lactate continued to increase during recovery after exercise. They att-
ributed the prolonged delayed increase of blood lactate after exercise 
in fish to inadequate circulation to muscle tissue. 
Chinook and coho salmon caught on trolling gear exhibited a similar 
blood lactate buildup and recovery following capture (Parker et al., 1959). 
In fish that died, blood lactate levels rose steadily until death. If 
the lethal level of lactate exceeded this critical level the fish usually 
did not recover. While lactic acidosis was not determined to be the 
actual cause of death, it was closely correlated with mortality (Parker 
et al., 1959, Wendt, 1967). 
Other blood parameters have been found to be good indicators of sub-
lethal stress. Hyperglycemia or increased blood glucose occurs as a 
result of exercise or stress. Thomas (1969) found that blood glucose 
increased in a pattern similar to lactate response except that it was 
more gradual. Dean and Goodnight (1964) used blood glucose and lactate 
levels to measure effect of temperature and exercise on four species of 
fish. All species, including largemouth bass, exhibited hyperglycemia 
following exercise. Salmonids also exhibited hyperglycemia when stressed 
by handling and heat (Wedemeyer, 1972, 1973). Houston et al. (1971) 
determined that significant increases in blood glucose levels resulted 
from handling and anesthetic stress in brook trout. However, Black et al. 
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(1971) found no significant change in blood glucose following strenuous 
exercise of fish. 
Plasma osmolality and chloride measurements have been used to eval-
uate osmoregulatory disturbances and gill ion-exchange function (Wydoski 
et al., 1975). Wedemeyer (1971) reported that rainbow trout that were 
stressed by exposure to formalin continuously lost chloride ions from 
the blood. The plasma chloride was significantly lower one hour after 
exposure of trout to formalin. Handling stress caused the same chloride 
response (Wedemeyer, 1972). Fish handled in conjunction with normal 
stocking techniques exhibited hypochloremia for several hours and did 
not return to pre-stress levels for 24 hours. Byrne et al. (1972) 
reported an increase in blood osmolality following exercise while 
Hickman et al (1964) found a decrease in osmolality in response to cold 
shock. 
Bouck and Ball (1966) found differences in physiological responses 
of rainbow trout captured by various techniques. Fish taken by seining 
and electroshocking exhibited a similar and uniform response to the stress 
of capture and handling. Fish captured on hook and line, showed a highly 
variable and individual response to hooking stress. There was negligible 
delayed mortality from seining and shocking while 87% of the trout cap-
tured on hook and line died during a 10-day period. Bouck and Ball attri-
buted angling mortality to "progressive shock" mediated by sluggish circu-
lation which deprived the heart of oxygen and an increase of internal 
blood clotting following capture. 
Surprisingly, there has been little research done on the physiological 
responses or blood chemistry of largemouth bass (Heidenger, 1974). Hunn 
(1967) has summarized the earlier published work on blood chemistry of 
10 
fish, and documented the paucity of knowledge regarding the blood chemistry 
in centrarchid fish. Some of the problems associated with the physiologi-
cal monitoring of wild fish populations were outlined and discussed by 
Wydoski and Wedemeyer (1976). 
I 
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DESCRIPTION OF STUDY SITES 
Lake Powell (Figure l; Table 2) was formed by Glen Canyon Darn 
located on the Colorado River 9.65 km south of the Utah-Arizona state 
boundaries. This large reservoir (65,600 ha) with the exception of a 
few l::ays, is confined to the deep, narrow canyon of the Colorado 
River. The shoreline consists of spectacular scenery that is com-
posed mostly of sandstone cliffs and talus slopes of sandstone. 
Shoreline vegetation is sparse and composed mainly of Russian thistle 
(Salsola Kali tenuifolia), big sage brush (Artemesia tridentata), and 
tamarisk (Tamarix pentandra) (Miller and Y.ramer, 1971). Cottonwood 
trees (Populus fremontii) are found irregularly, generally in areas 
where small tributaries enter the lake. Little or no rooted aquatic 
vegetation presently exists in the reservoir. 
Mantua reservoir (Figure l; Table 2) is a small impoundment 
(225 ha) that is located 4.8 km east of Brigham City, Utah. It is a 
shallow isothermous reservoir, which furnishes the water supply for 
the town of Mantua, Utah. Rooted aquatic vegetation is dense with 
cattail (Typha latifolia) emerging in the littoral zones. The reser-
voir has extensive algal blooms during warm summer months. The 
shoreline is generally marshy littoral zone or artificial fill 
material from the earthern dikes that form most of the reservoir. 
~ 
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~ 
w 
z 
IDAHO 
Great 
Salt 
Lake 
ARIZONA 
UTAH 
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Figure 1. Location of the study sites Lake 
Powell and Mantua Reservoir in Utah. 
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Table 2. Physical and chemical characteristics of Lake Powell and 
Mantua Reservoir, Utah~ 1975. 
Characteristics 
Physical 
Mean Area (hectares) 
Maximum Depth (m) · 
Average Depth (rn) 
Mean Vol. (hectare-meters) 
Shoreline Length (km) 
Elevation (m above m.s.l.) 
Length (km) 
Chemical 
Bicarbonate Alkalinity (mEq/1) 
March 
May 
July 
Carbonate Alkalinit y (mEq/1) 
March 
pH 
May 
July 
March 
May 
July 
Chlorid e (mEq/1) 
March 
May 
July 
Surface Water Temperature ( Oc) 
March 
May 
July 
Lake Powell 
65,600 
171.3 
53.3 
3,458,637 
3,156 
1,127.67 
300 
2.55 
2.20 
2.67 
0 
0.30 
0 
8.1 
8.5 
3.2 
1.31 
1.21 
1.55 
11-13 
16-20 
28-30 
Mantua Res ervoir 
225 
6.1 
2 
450 
8 
1,567.1 
3.2 
2.22 
0.17 
9.0 
23-26 
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M1"'I'HODS AND MATERIALS 
To evaluate the physiological response of largemouth bass to 
hooking stress with time, fish were caught on hook-and-line and played 
for O, 1, 2, 3, 4, and 5 minutes. Fish played for O minutes were 
landed within 15 seconds and their blood chemistry values were used as 
controls for the playing times in this study. All fish were required 
to resist rod pressure during playing. If the fish became quiet, the 
rod tip was lifted and the fish was stimulated into activity. When 
the required time had expired, the fish was landed and the hook re-
moved to stimulate normal handling of captured bass by anglers. 
The fish were held in a V-board and blood samples taken from the 
caudal artery with a 5 or 10 cc syringe and 22 gauge needle using 
heparin as an anticoagulant. An anesthetic was not used since 
pressure on the lower jaw caused the fish to remain quiet in the 
V-ooard allowing blood sample to be obtained quickly. After the 
blood sample was obtained, fish were measured and released. 
The whole blood sample was delivered into a 16 x 125 mm culture 
tube by removing the needle from the syringe and gently releasing the 
contents. A 25 microliter sample of whole blood was delivered into 
a 10 dram vial containing sodium flouride and trichloroacetic acid 
for lactate analysis using the method of Harrower and Brown (1972). 
This blood lactate sample was frozen immediately on dry ice and 
stored at -20 C. Blood hemoglobin (gm Hb/100 ml) was determined with 
an American Optical Hb meter. 
The culture tube containing the whole blood sample was then 
centrifuged for 5 minutes to separate plasma from blood cells. The 
plasma sample was drawn off with a long tipped capillary pipette, 
placed in 1 cc vials, identified with a serial number, frozen immed-
iately on dry ice and stored at -20 C. Blood cells were discarded, 
To evaluate the severity of any delayed physiological response 
15 
to hooking stress, groups of fish were hooked and played for 5 minutes 
(the maximum length of time required by most anglers to land bass) 
and held in cylindrical live nets (553 1 volume, and 50 mm stretched 
mesh size) that were suspended in the lake. The control values of 
blood chemistry for this experiment were detennined from blood samples 
taken immediately from fish that were played for 5 minutes. Fish were 
held for periods of 1, 8, 24, 48, and 72 hours to follow changes in 
blood chemistry during recovery. At desired sampling times, fish 
were removed as quickly as possible from the net and blood obtained 
using the techniques outlined above. 
The frozen plasma samples were sent to the Western Fish Disease 
Laboratory of the U.S. Fish and Wildlife Service, Seattle, Washington, 
where they were assayed for chloride, glucose, and osmolality as 
described by Wedemeyer and Chatterton (1971) and Wedemeyer and 
Yasutake (1977), Blood lactate samples were analyzed at Utah State 
University in Logan using the method of Harrower and Brown (1972). 
Mean values of the various blood parameters were plotted for 
playing and recovery times at three water temperatures for Lake Powell 
and one water temperature for Mantua Reservoir. The parametric, a 
posteriori, multiple mean comparison test of lease significant 
difference (LSD) was used to determine any significance between mean 
values of blood parameters (Dunn and Clark, 1974). 
16 
Sampling Periods 
The study consisted of four sampling periods, three at Lake Powell 
and one at Mantua Reservoir. The first period was March 17 to 25, 1975, 
when surface temperature of Lake Powell was between 11 and 13 C. The 
second period was May 27 to June 2, 1975, when surface temperature was 
16 to 20 C. The third period was July 20 to 25, 1975, when surface 
temperature of Lake Powell was 28 to 30 C. The fourth sampling period 
was July 29 to August 1, 1975, when surface temperature at Mantua 
Reservoir was 21 to 26 C. Fish used in this study were captured with 
conventional fishing equipment. The terminal gear consisted of assorted 
artificial lures and baits which included: spinners, spinner baits, jigs, 
plugs, spoons and various plastic worms and plastic baits. 
During the first sample period, fish were generally caught in 
shallow water of coves which had been warmed slightly more than the 
open water of the reservoir. A small temperature difference of even 
1 C was enough to affect the catchability of fish. Once fish were 
located, many could be caught from the same location since they 
appeared to congregate in these places. Fish were caught most readily 
on spinners and jigs fished in and around the submerged brush and 
trees that dominated the habitat in these isolated coves. The best 
fishing occurred on sunny afternoons after a slight increase in 
water temperature. On days that were overcast and windy fish could 
only be caught in deeper water with lures fished slowly on or near 
the bottom. Mean fork length of the fish was 321.87 mm (S.E.=4.75, 
n=lll) with a range of 225 to 430 mm. 
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Fish taken during the second sampling period were found in an 
entirely different habitat. Brushy coves produced only an occasional 
fish. With the wanner water temperature, fish were now found in 
deeper water associated with shoals, shelves, boulders, and sloping 
dropoffs where fingers of sandstone entered the water. Fish were 
taken on deep-running plugs, spinners, and plastic worms that were 
fished near the bottom. The best method was to cast to the shallow 
part of a structure, such as a shoal~ and gradually work the lure 
into deeper water as it followed the contour of the structure. Fish 
were widely scattered and had become more territorial with spawning 
and nest building (Miller and Kramer, 1971). Mean fork length of 
these fish was 316.80 mm (S.E.=6.24, n=85) and ranged from 212 to 
492 mm. 
Fish captured during the third sampling period were taken ex-
clusively on deep-running lures and plastic worms fished on the 
oottom near structures such as submerged boulders. Due to high 
surface temperatures, fish were much deeper than experienced on the 
previous two trips. These great depths made locating the fish very 
difficult. Very few fish were taken on this trip and no successful 
pattern was found for consistently taking fish. Time of day had 
little apparent effect on the catchability of the bass because they 
were taken at infrequent periods throughout the day. Average fork 
length of these fish was 351.94 mm (S.E,=12.13, n=17) with a range 
of 270 to 430 mm. 
The · fourth sample was taken from Mantua Reservoir to compare 
the physiological response of smaller bass to hooking stress. These 
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fish were captured readily on jigs and lures fished near the shoreline. 
Average fork length of these fish was 209.95 mm (S,E.=4.05, n=57) with 
a range of 194 to 4JO mm. 
RESULTS 
Blood chemistry changes in largemouth bass exhibited similar 
trends in response to hooking stress at various water temperatures. 
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In general, blood lactate and plasma osmolality increased with playing 
time while plasma glucose and plasma chloride fluctuated (Figures 
2-7). 
Fish played on hook and line in colder water (11-13 C) exhibited 
only slight physiological changes. Plasma glucose (mg glucose/100 ml 
plasma) decreased significantly after the first minute of playing and 
remained significantly lower through 5 minutes of playing (Figure 5). 
Blood lactate (mg lactate/100 ml plasma) increased steadily with 
playing time and values were significantly different from 0-minute 
values after 2 minutes of playing (Figure 2). Plasma chloride 
(milligram equivalents/1 plasma) fluctuated initially and was sig- -
nificantly lower than 0-minute values after 5 minutes of playing 
(Figure J). Plasma osmolality (milliosmols) increased significantly 
after 2 minutes of playing time and remained significantly higher 
through 5 minutes of playing (Figure 4). The numerical values of 
these values were not large even though they were statistically 
different. 
In warmer water (16-20 C) the stress response was more pro-
nounced. Plasma glucose fluctuated somewhat but generally increased 
with playing time. Values were significantly different from 0-minute 
control values after 2 minutes of playing time (Figure 2). Blood 
lactate levels increased steadily with playing time (Figure 2). 
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Plasma chloride (Figure 3) and osmolality (Figure 4) values increased 
significantly after 1 minute of playing and maintained significantly 
higher levels at the other playing times. 
The response in the warmest water (28-30 c) was the most striking 
with rapid and high fluctuations. Blood glucose levels increased 
significantly between 3 and 5 minutes of playing (Figure 5). Blood 
lactate levels increased significantly between 1 and 5 minutes of 
playing and reached much higher levels than at lower water temperatures 
(Figure 2). Plasma chloride values fluctuated but not significantly 
(Figure 3). Plasma osmolality increased steadily and was signifi-
cantly different from the 0-minute value (Figure 4). 
Hemoglobin values (Table 3) were quite variable within the 
range of 6.4 to 8.8 gm Hb/100 ml. The values fluctuated with playing 
time at water temperatures 11-13 C and 16-20 C. At 28-30 C, hemo-
globin increased steadily with playing time. In general, the mean 
hemoglobin values at the 0-minute playing time (control value) 
decreased with increasing water temperatures (Figure 8). The bass 
in the sample captured from Mantua Reservoir with water temperatures 
of 21-26 C were substantially smaller (mean fork length of 210 mm) 
than fish caught from Lake Powell during the other sampling periods 
(mean fork length 317-352 mm). Still this value fit into the 
general pattern. 
Changes in blood parameters continued in the largemouth bass 
during recovery. In generi,l, lactate, plasma chloride, and plasma 
osmolality increased for a short time (1-8 hours) before returning 
Table 3. Hemoglobin values (gm Hb/100 ml) for largemouth bass 
from Lake Powell and Mantua Reservoir, Utah after being 
stressed on a hook for 0-5 minutes and after recovery 
from 1-72 hours. 
Playing time Lake Powell Mantua Reservoir 
(min,) 11-13 C 16-20 C 28-30 c 21-24 C 
0 8.1~/ 7.36 6.68 7.1 
0.41 0.93 0.38 0.17 
10 9 5 26 
1 7.1 6.87 7.37 7.7 
.35 .85 .30 .25 
10 10 5 10 
2 7.2 7. 7 
.38 .59 
10 10 
3 7.05 7.5 7.9 8.1 
.85 .47 1.9 .35 
11 10 2 10 
4 6.4 7.8 
.51 .32 
10 10 
5 8.2 8.8 8.58 8.6 
.38 .78 .68 .17 
10 10 5 10 
Recovery time 
(hrs.) 
1 9.35 9.58 
.42 .53 
10 5 
8 8.0 8.46 
.28 .36 
10 5 
24 7.1 9.96 
.42 .97 
10 5 
48 8.2 10.38 
.56 . 1.17 
10 5 
72 8.9 9.64 
.18 .28 
10 5 
!!I Values from top to bottom include the mean, standard deviation, and number of 
samples. 
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to the lower initial (0-minute) levels. Plasma glucose, however, 
remained variable but high during the recovery period. 
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Blood lactate (Figure 2) continued to increase for approximately 
8 hours after capture in colder water (11-13 c). Between 8 and 24 
hours lactate values returned to near initial (0-minute) values. 
Between 24 and 72 hours a gradual increase occurred in the lactate 
level that was significant after 72 hours when compared to the .5-
rr~nute control values for the recovery experiment. In colder water, 
the plasma glucose (Figure 5) levels decreased between 1 and 24 hours 
but then these values increased from 24 to 72 hours. Plasma chloride 
(Figure 3) fluctuated during the first 24 hours following release. 
Between 24 and 72 hours there was a significant decline well below 
the initial levels. Plasma osmolality (Figur e 4) decreased and 
nearly reached initial levels between 1 and 8 hours at 11-13 C; 
these values continued to decline through 72 hours of recovery, 
At higher water temperatures (16-20 C), the recovery responses 
of the fish were similar to cold water recovery responses, Lactate 
levels declined to near initial levels after 24 hours and was fol-
lowed by a gradual increase to 72 hours (Figure 2), Plasma chloride 
decreased to near initial levels after 24 hours with a slight but 
steady decline to 72 hours (Figure 3), Plasma osmolality decreased 
after 8 hours of recovery and then declined only slightly to 72 
hours but never returned to initial levels (Figure 4). Plasma 
glucose remained relatively constant but at higher levels than those 
that were attai ned during playing times (Figure 5), 
- 1/ Initial blood chemistry values for largemouth bass caught on hook and line from Utah reservoirs.-Table 4. 
Location 
and water Sample Mean fork Hemoglobin Lactate Glucose Osmolality Chloride 
temperature size length (mm) (gm Hb/lOOml) (mg/lOOml) (mg/lOOml) (mOsm) (mEq/1) 
Lake Powell 
32.55±2. 7?}.I 11-13 C 6-10 321.87±4. 75 8.10±0.41 30.74±6.88 288.80±3.50 104.60±3.49 
16-20 C 10 316.80±6.24 7.36±0.93 33.81±4.21 14.06±2.34 203.40±9.20 54.20±2.97 
28-30 C 5 351. 94±12 .13 6.68±0.38 55.66±3.26 36.64±8.19 274.24±12.50 96.40±8.20 
Mantua Reservoir 
21-26 C 25-26 209.95±4.05 7.10±0.17 41.03±1. 81 41.78±0.19 254.27±2.06 104. 77±1. 00 
l/ Blood samples were obtained via caudal artery immediately after the fish were landed. All fish were landed within 
15 seconds after being hooked. 
];_/ Mean value± standard error of the mean. 
L,.; 
t--' 
J2 
rate of ion, water, and gas exchange (Hoar and Randall 1970). 
Adrenalin causes increased water permeability of the gill (Pickford 
et al. 1974). Mazeaud et al. (1977) described these changes in the 
physiology of fish as the primary effects of stress and categorized 
ensuing disruptions in metabolism and osmoregulation as the secondary 
effects of stress. Secondary metabolic disturbances included 
relatively long term hyperglycemia and an accompanying accumulation 
of lactic acid in the plasma and body tissues. These disturbances 
were generally larger with increased water temperature. Secondary 
osmoregulatory disturbances in freshwater fish included water imbibi-
tion, and a resulting gain in weight. These secondary disturbances 
conceded with the disappearance of catecholamines from the blood-
stream. Consequently, stress in fish of even a brief duration can 
cause immediate and long lasting physiological disturbances. 
Largemouih bass from Lake Powell exhibited secondary metabolic 
effects of hooking stress with rapid and long lasting increases in 
blood lactic acid and a pronounced hyperglycemia during recovery. 
The levels of these compounds was higher at increased water tempera-
tures. One secondary effect of hooking stress at cooler temperatures 
was a mild hemodilution of blood while the fish was being played 
that was followed by hemoconcentration during recovery (Table J), 
At wanner temperatures, only hemoconcentration of the blood occurred. 
Handling and exercise of fish in freshwater resulted in hemoconcen-
tration even as water was taken from the environment (Houston et al, 
1971, Rao 1969, Miles et al. 1974). Mazeaud et al, (1977) attributed 
these results to an internal redistribution of electrolytes that 
buffers the incr eased levels of lactic acid. Kirk (1974) proposed 
an osmotic gradient from blood to body t iss ues du e to an influx of 
water into blood at the gills and, in part, to accumulation of small 
molecules of lactate and bicarbonate from the larger molecules of 
glycogen and glucose in body tissues. This change accounted for the 
movement of water from blood to tissues causing osmolality and 
hematocrit values to increase even though water was being absorbed 
through osmosis. 
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Total osmolality values incr eased with angling stress but re-
turned almost to initial levels by 8 hours during recovery. Pickford 
et al. (1969) found that inorganic ions, mainly sodium and chlorlde, 
account ed for 96% of serum osmolality of Fundulus heteroclitus. 
The importanc e of chloride in total osmolality of Lake Powell bass 
was apparent during May when matur e bass, had a low er initial 
chlorid e (Figur e 3) and pla sma osmolality (Figur e 4) levels than 
was found during oth er times. When th e fi sh wer e str e ssed, plasma 
chloride and osmolality incr eas ed immediat e ly to significant levels. 
Although the chloride levels of mature bas s were lower than levels 
at times, osmolality continued to increase until it reached levels 
in the same range as fish that were stressed at their times. 
Chloride ions increased during the .initial rise in plasma osmolality 
but the later increase in osmolality was probably due to other 
buffering ions such as sodium and potassium. Miles et al. (1974) 
explained that chloride ions could be lost at a greater rate pro-
portioned to water which could result in a decreasing concentration 
of plasma chloride during a diuTetic hemoconcentration. Umminger 
\ 
(1971) demonstrated that hyperglycemia apparent in cold stressed 
killifish was essential to maintaining osmotic balance during stress. 
Other organic compounds such as lactic acid, could affect the osmol-
ality of fish blood (Redetski et al, 1971). 
Some effects of osmoregulatory disturbances from handling could 
be partially offset by temporarily holding fish in saline adjusted 
environments (Miles et al. 1974). Since it required 24 hours for 
blood chemistry levels to return to "nor.mal" levels in largemouth 
bass, there are other aspects to consider. It has been demonstrated 
that stress has induced lymphopenia (Mazeaud et al, 1977, and others) 
and has an immunosuppressive effect because the pituitary interrenal 
axis is activated (Rasquin 1951, Weinreb 19.58). In other words, 
stressed fish are more susceptible to disease and bacterial infection. 
Wellborn (1972) investigated the cause of death for 36 bass following 
the 1972 Ross Barnett B,A,S,S, Tournament, He found single or 
multiple bacterial infections responsible for the death of 9J% of 
those bass and attributed the infections directly to stress from 
handling, Moody (1975) reported an overall mortality of 22 - 44% in 
tournament caught bass from a 3 day St. Johns River, Fla., bass 
tournament. He also attributed the mortality to epidermal and fungal 
infections induced by handling. The review by May (1974) has 
emphasized that bacterial and fungal diseases were the cause of 
delayed mortality from bass tournaments. Water temperatures that 
favor a particular pathogen and greatly disrupt the physiology of a 
fish can be extremely important in stress-related mortality, Bouck 
(1972) reported that rockbass (Ambloplites ruprestris) did not feed 
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after being stressed by hYJJoXia, These centrarchids continued to 
ignore food for J-4 hours after oxygen was returned to nonnal levels, 
Therefore, the strenous exercise of fish that are captured by angling 
produces hYJJOXia in the fish. The result is an increase of lactic 
acid and a disruption of the acid-base balance in the blood. Such 
disruptions in the metabolism and behavior of the fish increase their 
vulnerability to predators. 
Monitoring of blood chemistry can be an effective method of 
detecting and measuring stress in wild fish populations if certain 
precautions are taken (Wydoski and Wedemeyer, 1976). It is essential, 
however, to know the normal range of various blood chemistry para-
meters -- to recognize abnonnal values, Initial levels (0-minute 
playing time) of various blood chemistry parameters were used as a 
baseline from which physiological change from angling slress was 
measured in this study (Table 4). 
Initial blood lactat e levels of largemouth bass were consistent 
with those reported for carp (Cyprinus carpio) and walleye (Stizo-
stedion vitreum) (Hunn 1972). However, those values are higher than 
the 10 mg/100 ml reported for bluegill (Lepomis macrochirus) prior 
to exercise (Heath and Pritchard 1962) and double the values reported 
for largemouth bass prior to exercise (Black 1955). 
~ 
Initial levels of blood chloride and osmolality, with exception 
of the second sampling period (16-20 c), were within the range of 
those reported for other freshwater fish (Hunn 1972; Wedemeyer and 
Chatterton 1970, 1971; Kirk 1974), and with those reported for 
largemouth bass (Hunn and Robinson 1966). Chloride and osmolality 
levels were lower during the May sampling period probably because bass 
were in spawning condition (Pickford et al. 1969). 
Initial glucose levels were similar to those reported for johnny 
darter (Etheostoma nigrum) (Silbergeld 1974), goldfish (Carrassius 
auratus) (Chavin and Young 1970; Hunn and Robinson 1966), and plaice 
(Pleuronectes platessa) (Wardle 1972). They were however, somewhat 
below the normal range of salmonids (Wedemeyer and Chatterton 1970; 
Lientz and Smith 1974). 
Initial levels of hemoglobin during the first sampling period 
were the same as average values reported for largemouth bass by Black 
(1955). Although initial hemoglobin levels decreased as water temp-
erature increased (Figure 8), hemoglobin values remained within the 
range of 5.8 - 8.5 mg/100 ml reported by Hunn and Robinson (1966). 
Sex of fish was not determined in this study, but Steuke and Atherton 
(1965) reported a significant difference in hemoglobin values between 
sexes in largemouth bass. Some of the differences in the hemoglobin 
values may be attributed to sex of the fish in this study. 
Physiological responses of smaller largemouth bass from Mantua 
Reservoir were basically the same as those from Lake Powell with the 
exception of the response during recovery. Smaller fish responded 
more quickly to angling stress than did larger bass at approximately 
the same water temperatures. The responses in blood chemistry during 
recovery were not measured during the warm water temperature sampling 
period (26-30 c) to avoid the additional stress that would have been 
imposed at high surface water temperatures (Wedemeyer 1970 and 1974). 
The response of fish during recovery indicated that blood chemistry 
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values returned to near initial lev e ls within 24 hours. After 24 hours, 
there was an additional response that was attributible to captivity 
in the holding containers. Fish in the holding nets were generally 
observed resting during daylight. Increased abrasion of the snouts with 
time (1-3 days) in the holding containers, however, indicated that the 
bass were attempting to escape at night. Therefore, the blood chemistry 
levels of largemouth bass may have been influenced by holding stress 
during the recovery period. 
Implications of Hooking Stress to Fishery Management 
Organisms continually strive to maintain a homeostasis in a changing 
environment. Any change from "normal" conditions can impose physiological 
stress. The respo n se to stress has been called the General Adaption 
Syndrome (Seyle 1973) that is characterized by three phases: alarm, 
resistance, and exhaustion or adaption. If a fish cannot adapt to a 
stressor, exhaustion occurs that can result in death as discussed by 
Black (1958). Stress in fish disrupts the mechanisms that are required 
for normal metabolism and ionoregulation (Wydoski and Wedemeyer 1976). 
Stresses that are normally sublethal to fish may become lethal if fish 
are in poor health or have been already stressed; i.e., various stresses 
may be cumulative. 
Changes in blood chemistry of largemouth bass caught by angling 
and played for different lengths of time demonstrated that metabolism 
and osmoregulation of the fish were affected. These disturbances 
were sublethal and blood chemistry returned to approximate normal 
values in 24-72 hours. Therefore, hooking stress alone has no 
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lasting affect upon a released b as~o The fishery manager should be 
concerned with additional stress es on th e fish between the time of 
capture and release. While the fishery manager cannot control how 
anglers handle fish, some conscientious anglers will take percautions 
in handling fish if provided proper information. For example, Bass 
Anglers Sportsman Society (B.A.S.S.), which spons ors many professional 
bass tournaments, has adopted the motto "Don't kill your catch" to 
encourage release of largemouth bass. B.A.S.S. tournament rules 
provide for aerated live wells, and bonus points for fish that are 
alive at the conclusion of the tournanent day. Major tournaments are 
generally conducted when water temperatures are relatively cool to 
reduc e additional stress of warm water and low dissolved oxygen im-
posed on fish that are transported in live wells, These rules and 
goals are exemplary but results of this s tudy indicate a nee d for 
refinement. Fi sh were not hann ed by capture from angling but could 
be stressed substantially by subsequent handling, holding, and 
transport. Tournament caused mortality could be lessened by reducing 
handling following capture. The best method would be to release fish 
at time and place of capture. Fish could be weighed or measured by 
the successful angler, verified by his fishing partner, and immediately 
released, The next best alternative would be to reduce tournament 
limits to two or three fish per day. Emphasis would then be placed 
on capturing and keeping few larg er fish and more small fish would be 
released at place of capture. 
My observation of a Western Bass Association sponsored "Lake 
Powell Fall Classic" professional bass tournament during October of 
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1977, point ed out additional problems. For exampl e , many fish cap-
tur ed in thi s tournament wer e transport ed over 100 lake miles to the 
tournament headquarters and they are confined in live wells up to ten 
hours. Some fish survived this additional stress while other did not. 
Fish in live wells closely att ended by the contestants were in better 
condition than fish from live wells that became low on water, or 
fouled by slime and debris from poor water recirculation. When fish 
ar e weighed at the end of the tournament day, they are again stressed, 
sometimes severely, from exces sive and rough handling. 
The following recommendations ar e submitted as suggestions for 
reducing mortality of fi sh captur ed in tournam ents, 
1. Maintain a minimum siz e limit, such as 12 to 13 inches, 
which will insur e that small fish are r el eas ed at time of capture 
rather than cull ed throughout th e f ishin g day. 
2 . Limit th e daily catch to f iv e fi sh or l ess to reduce stress 
by incr ea sing th e number of fish r elea sed at tim e of capture. All 
fish that are smaller than tho se in th e liv e wells would theoretically 
be released at tim e of captur e , after th e limit had been reached by 
the contestant. 
J. Place more emphasis on keeping fish alive by awarding a 
substantial rather than a token bonus for liv e fish. The current 
practice allows one to two bonus ounces for each live fish. This 
could be increased to an eight to 16 ounce bonus weight per live fish. 
4. Initiate a criterion to award bonus points based on a min-
imum acceptable physical condition. A criterion such as a minimum 
fright response could be used in awarding points. 
4o 
5, Require aerated live wells but, in addition, line live wells 
with a standard sized mesh bag which would allow removal of all fish 
at one time and which eould then be used to obtain a total weight 
of fish without transfer to another container, The bag should be 
framed to prevent entanglement of fish during transport, 
The following recommendations are offered to all anglers re-
garding the handling of captured fish which they intend to release, 
1. Handle fish as little as possible since skin damage by 
handling can lead to bacterial and fungal infection. Largemouth bass 
that are lifted from the water by the lower jaw become immobilized 
and can be easily controlled during hook removal, 
2. Use long-nose pliers to remove hooks. Most initial mortality 
of fish results from penetration of a vital organ, Careless removal 
of hooks may add to this kind of injury. 
J, Do not remove single bait hooks that are imbedded in the 
esophagus or gill region. Many fish will survive the hook injury 
if the leader is cut, 
Although all fish released in this manner may not survivep the 
chances of survival are increased if these precautions are taken 
(Stroud 1976), 
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SUMMARY AND CONCLUSIONS 
Blood lactate levels for largemouth bass from both Lake Powell 
and Mantua Reservoir increased during the 0-5 minutes that the fish 
were played. Levels that were significantly different from the 
control were attained after 2 minutes of playing. During recovery of 
the fish, an additional increase in blood lactate occurred that was 
approximately four times the initial (0 minute) values. Initial 
levels of blood lactate were reached between 8 and 24 hours of 
recovery. Also, the magnitude of blood lactate response increased 
with an increase in water temperature. 
Plasma glucose values were variable, but plasma osmolality in-
creased with playing time, continued to increase during the first 
hour of recovery, and then decreased to near initial levels by 8 hours. 
Plasma chloride generally fluctuated while fish were played and re-
turned to near initial values within 24 hours. 
These blood chemistry responses indicated that significant stress 
was caused by catching and releasing fish. However, the stress was 
sublethal and all fish recovered within 24 hours. Released fish may 
still be lost to the fishery, however, due to stress-induced sus-
ceptibility to disease, vulnerability to predation, or cumulative 
stress that may disrupt physiological mechanisms such as metabolism 
and osmoregulation. Rational management of a fishery must be based 
on a complete understanding of the physiological impact of catch and 
release fishing. Handling of largemouth bass after being captured · 
by angling was more stressful than the actual process of being caught 
and played by anglers. 
42 
LITERATURE CITED 
Anderson, R.O. 1973. Application of theory and research to manage-
ment of warmwater fish populations. Trans. Am. Fish. Soc. 102 
(1) 1164-171. 
Anderson, R.O. and M.L. Heman. 1969. Angling as a factor influencing 
the catchability of largemouth bass. Trans. Am. Fish. Soc. 98 
(2) :317- 320. 
Archer, D.L. and H.A. Loyacano, Jr. 1974. Initial and delayed 
mortalities of largemouth bass captured in the 1973 National 
Keowee B.A.S,S. tournament. Proc. 28th Annual Conf. SE Assoc. 
Game Fish Comm.: 90-96. 
Barkley, J .H. 1972. Evaluation of survival of bass tournament 
released bass on the Ross Baniett Reservoir, August, 1972. 
Mississippi Game & Fish Commission, 9 p. (mimeographed). 
Black, E.C. 1955. Blood levels of hemoglobin and lactic acid in 
some freshwater fishes following exercise. J, Fish. Res. Bd. 
Canada 12(6):917-929, 
Black, E.C. 1975a. Alterations in the blood level of lactic acid 
in certain salmonid fishes following muscular activity. I. 
Kamloops trout (Salmo gairdneri). J. Fish. Res. Bd. Canada 
14(2):117-134, 
Black, E.C. 1957b, Alterations in the blood level of lactic acid 
in certain salmonid fishes following muscular activity. II. 
Lake trout (Salvelinus namycush). J. Fish. Res. Bd. Canada 
14(4):645-649. 
Black, E.G. 1957c, Alterations in the blood level of lactic acid 
in certain salmonid fishes following muscular activity. III. 
Sockeye salmon (Oncorhynchus nerka). J, Fish. Res. Bd.. Canada 
14( 6) :807-814. 
Black, E.C. 1958. Hyperactivity as a lethal factor in fish. J. 
Fish. Res. Bd.. Canada 15 (4):573-.586. 
Black, E.C. 1958, Energy stores and metabolism in relation to 
muscular activity in fishes, pp. 51-67, In P.A. Larkin (ed.) 
The investigation of fish-power problems, H.R. MacMillan 
Lectues in Fisheries, Univ. British Columbia, Vancouver. 
Black, E.C., A.C. Robertson, A.R. Hanslip, and W. Chiu. 1960. 
Alterations in glycogen, glucose and lactate in rainbow and 
Kamloops trout (Salmo gairdneri) following muscular activity. 
J. Fish. Res. Bd. Canada 17(4):487-.500. 
4J 
Black, E.C., A.C. Robertson, and R.R. Parker. 1961. Some aspects of 
carbohydrate metabolism in fish. In A.W. Martin (ed.) Compara-
tive physiology of carbohydrate metabolism in heterothennic 
animals. University of Washington Press, Seattle, Wash. 124p. 
Bouck, G.R. 1972. Effects of diurnal hypoxia on electrophoretic 
protein fractions and other health parameters of rock bass 
(Amploplites rupestris). Trans. Am. Fish. Soc. 101(3), 488-493. 
Bouck, G.R. and R.C. Ball. 1966. Influence of capture methods on 
blood characteristics and mortality in the rainbow trout 
(Salmo gairdneri). Trans. Am. Fish. Soc. 95(2):170-176. 
Byrne, J.M., F.W.H. Beamish, and R.L. Saunders. 1972. Influence of 
salinity, temperature and exercise on plasma Ob"Illolality and 
. ionic concentration in Atlantic salmon (Salmo salar). J. Fish. 
Res. Bd. Canada 108(8),1217-1220. 
Caillouet, c.w. Jr. 1964a. Blood lactic acid concentration of un-
exercised and exercised mature carp in winter and swnmer. Iowa 
State Journal of Science 38(3)1309-322. 
Caillou et, C.W. Jr. 1964b. Effect of forced activity on blood 
lactic acid in channel catfish (Ictalurus punctatus) (Rafinesque). 
Ph.D. Dissertation, Iowa State University of Science and 
Technology, Ames, Iowa. 117p. 
Caillouet, c.w. Jr. 1967. Hyperactivity, blood lactic acid and 
mortality in channel catfish. Agriculture and Home Economics 
Experiment Station, Iowa State University of Science and 
Technology, Ames, Iowa, Research Bulletin 5.51:898-915. 
Cartier, J.O. 1975. How's your future as a fisherman? Outdoor Life 
155(1):39-41, 127-129. 
Chavin, W., and J.E. Young. 1970, Factors in the determination of 
normal serum glucose levels of goldfish, Carassius auratus L. 
Comp. Biochem. Physiol. 33,629-653, 
Dean, J.M. and C.J. Goodnight. 1964. A comparative study of carbo-
hydrate metabolism in fish as affected by temperature and 
exercise. Physiological Zoology 37(3),280-299. 
Denyes, H.A. and J.M. Joseph. 1956, Relationship between hemoglobin 
and blood oxygen in the largemouth bass. J. Wildl. Mgt. 20(1), 
56-64. 
Dunn, O.J. and V.A. Clark. 1974. Applied statistics: Analysis of 
variance and regression. N.Y. Wiley. 
44 
Fry, F.E.J, 1971, The effect of environmental factors on the phy-
siology of fish. Pages 1-98 in W.S .. Hoar and D,J, Randall, eds., 
Fish physiology, Vol. VI. Academic Press, New York. 
Green, L. 1975, Largemouth alert, Fie1d and Stream 79(9),20-21. 
Harrower, J.R. and C.H. Brown. 1972, Blood lactic acid - a micro-
method adapted to field collection of mtcroliter samples, J, 
Applied Physiology 32(5)1709-711, 
Heath, A.G. and A.W. Pritchard. 1962. Changes in the metabolic 
rate and blood lactic acid of bluegill sunfish (Lepomis macro-
chirus) Raf. following severe muscular activity. Physiological 
Zoology 35(4):323-329, 
Heidinger, R.C. 1974, An indexed bibliography of the largemouth 
bass, Micropterus salmoides (Lacepetle). Fish. Res, Lab., 
Southern Illinois Univ., Carbondale. 84 pp. 
Hickman, C.P •. Jr., R.A. McNabb, J,S. Nelson, E.D. Van Breeman, and 
D, Comfort. 1964. Effect of cold acclimation on electrolyte 
distribution in rainbow trout (Salmo gairdneri). Canadian J, 
Zool. 42(4):577-597, 
Hoar, W ,S,, and D, J. Randall (eds.), 19'69, Fish physiology, Vol. 1 
Academic Press, New York. 465 PP• 
Hoar, W.S., and D,J, Randall (eds.). 1970, Fish physiology, Vol. IV. 
Academic Press, New York. 532 pp. 
Holbrook, J, II. 1975, Bass fishing tournaments, p. 4o8-415, In 
H. Cleeper (Ed.), Black bass - biology and management, Sport 
Fishing Institute, Washington, D,C. 
Holbrook, J.A. II, D, Johnson, and J.P. Strzemienski, 1972, Manage-
ment implications of bass fishing tournaments, Proc. 26th 
Annual Conf. SE Assoc. Game Fish Comm.1320-324. 
Horak, D.L. and W.D. Klein. 1967, In:fluence of capture methods on 
fishing success, stamina and mortality of rainbow trout (Salmo 
gairdneri) in Colorado, Trans. Aln. Fish. Soc. 96 (2),220-222. 
Houston, A.H., J.A. Madden, R,J, Woods, and H.M. Miles. 1971, 
Variations in blood and tissue chemistry of brook trout 
(Salvelinus fontinalis) subsequent to handling, anesthesia, and 
surgery, J, Fish. Res. Bd. Canada 28:635-642. 
Hughes, G.M. 1965. Comparative physiology of vertebrate respiration. 
Harvard Univ, Press, Cambridge, Mass. 146 pp. 
Hunn, J.B. 1967, Bibliography on the blood chemistry of fishes. 
U.S. Dept. Interior, Bureau Sport Fish. Wildl,, Res, Dept. 72, 
32 pp. 
45 
Hunn, J.B. 1972. Blood chemistry values for some fishes of the upper 
Mississippi River. J. Minn. Acad. Sci. 38(1)119-21. 
Hunn, J.B., and P.F. Robinson. 1966. 
five Chesapeake Bay area fishes. 
Some blood chemistry values for 
Chesapeake Sci. 7(3)1173-175. 
Jonas, R.E., E. Harcharan, S. Sehden, and N. Tomlinson. 1962. Blood 
p-I and mortality in rainbow trout (Salmo gairdneri) and sockeye 
salmon (Oncorhyncus nerka). J, Fish. Res. Bd, Canada 19(4)1619-
624, 
Kirk, W.L. 1974, The effects of hypoxia on certain blood and tissue 
electrolytes of channel catfish (Ictulurus punctatus), Trans. 
Am. Fish. Soc. lOJ(J):593-600. 
JG.ein, W.D. 1965. Mortality of rainbow trout caught on single and 
treble hooks and released. Prog. Fish. Cult. 271171-172. 
Lientz, J.C., and C.E. Smith. 1974. Some hematological parameters 
for hatchery-reared cutthroat trout. Progr. Fish-Cult. 36(1): 
49-5). 
Mainell, L.F. and D. Hunsaker II. 1970, Hooking mortality of lure-
caught cutthroat trout (Salmo clarki) in relation to water 
temperature, fatigue, and reproductive maturity of released 
fish, Trans. Am. Fish. Soc. 99(4):684-688. 
Mason, J.W. and R.L. Hunt. 1967. Mortality rates of deeply hooked 
rainbow trout. Progr, Fish-Culturist 29(2):87-91, 
May, B.E. 1972. Evaluation of large scale release programs with 
special reference to bass fishing tournaments. Proc. 26th 
Annual Conf. SE Assoc. Game Fish Comm.1325-334, 
May, B.E. 1974. Evaluation of large release programs held in con-
junction with fishing toUTI1aments. Proc. _54.th Annual Conf. 
Western Assoc. Game and Fish Comm.1220-231. 
Mazeaud, M,M., F. Mazeaud, and E.M. Donaldson. 1977. Primary and 
secondary effects of stress in fish: Some new data with a 
general review. Trans. Am. Fish. Soc. 106(3):201-212. 
McFadden, J.T. 
America. 
1969, Trends in freshwater sport fisheries of North 
Trans. Am. Fish, Soc. 98(1):136-15). 
Miles, H.M., S.M. Loehner, D.T, 
Physiological responses of 
masguinongy) to handling, 
336-342. 
Michaud, and A,L, Salivar, 1974. 
hatchery reared muskellunge (Esox 
Trans, Am. Fish. Soc. 103(2) =--
Miller, K.D. and R.H. Kramer. 1971. Spawning and early life history 
of largemouth bass (Micro
�
terus salmoides) in Lake Powell p.
73-83. In G.E. Hall (Ed. , Reservoir Fisheries and limnology,
Am. Fish-.-Soc., Spec. Publ. No. 9, 
.) 
Moody, H.L. 1974. Tournament catch of largemouth bass from St. Johns 
River, Florida. Proc. 28th Annual Conf. SE Assoc. Game Fish 
Comm. 1 73-82, 
Narasimhan, P.V. and B.I. Sundararaj. 1971, Effects of stress on 
carbohydrate metabolism in the teleost Notopterus notopterus 
(Pallas). J, Fish. Biol. 3(4)1441-451. 
Newburg, H.J. 1975, Review of selected literature on largemouth 
bass--life history, ecology, and management. Minn, Dept. Nat. 
Resources, Invest. Report No. 335. 75pp. 
Parker, R.R., E.C. Black, and P.A. Larkin. 1959. Fatigue and mor­
tality in troll-caught Pacific salmon (Oncorhynchus). J, Fish. 
Res. Bd. Canada 16(4)1429-448, 
Pickford, G.E., F.B. Grant, and B.L. Umminger. 1969. Studies of the 
blood serwn of the euryhaline cyprinodont fish, Fundulus 
heteroclitus, adapted to fresh or salt water. Trans. Connecticut 
Acad. Arts and Sci. 4J:25-70, 
Plumb, J,A, 1974. Antibiotic injection of released bass caught 
during fishing tournaments. Annu. Conf, West, Assoc. Game and 
Fish Comm., Proc,54124)-248. 
Randall, D.J. 1970, The circulatory system, p. lJJ-168. In W,S. 
Hoar and D,J. Randall (Ed.), Fish physiology, Vol. IV,J\cademic 
Press, New York. 
Rasq_uin, P, 1951. Effects of carp pituitary and mammalian ACTH on 
the endocrin and lymphoid systems of the teleost Astyana.x 
mexicanus. J, Exp. Zool. 117:)17-357. 
Redmond, L. 1974, Prevention of overharvest of largemouth bass in 
Missouri impoundments, p. 54-68. In J, Funk (Ed.), Symposium 
on overharvest and management of largemouth bass in small 
impoundments, Am. Fish. Soc., North Central Div., Spec. Publ. 
No. J, 
Redetski, H.M., J.R. Hughes, and J.E. Redetski. 1971, Differences 
between serum and plasma osmolalities and their relationship to 
lactic acid values. P�c. Soc. Exp. Biol. Med. 1391315-318. 
Rogers, E.L. 1972, The largemouth bass is in trouble. Field and 
Stream 76(11):52, 189-190, 
Thomas, A.E. 1969, Exercise as a stress factor, p. 208. In Progress 
in Sport Fishery Research 1968, Bureau of Sport Fisheries and 
Wildlife, Division of Fishery Research, Resource Publication 77, 
Umminger, B.L. 1971, The osmoregulatory role of serum glucose in 
freshwater adapted killifish (Fundulus heteroclitus) at tempera­
tures near freezing. Comp. Biochem. Physiol. )81141-145, 
Wardle, C,S, 1972, The changes in the blood glucose in Pleuronectes 
platessa following capture from the wilds a stress reaction. 
J, Biol, Assoc., U.K. 52(3): 635-651. 
Wedemeyer, G, 1970, The role of stress in the disease resistance of 
fi&�es, p. J0-35, In S. Snieszko (Ed.), a symposium on disease 
of fishes and shellfishes, Am. Fish. Soc., Spec. Publ. No. 5, 
Wedemeyer, G. 1971. The stress of formalin treatments in rainbow 
trout (Salmo gairdneri) and coho salmon (Oncorhyncus kisutch). 
J, Fish. Res. Bd. Canada 2.8:1899-1904. 
Wedemeyer, G. 1972, Some physiological consequences of handling 
stress in the juvenile coho salmon (Oncorhynchus kisutch) and 
steelhead trout (Salmo gairdneri). J, Fish. Res. Bd. Canad.a 
29:1780-178). 
Wedemeyer, G, 1973, Some physiological aspects of sublethal heat 
stress in the juvenile steelhead trout (Salmo gairdner) and coho 
salmon (Oncorhyncus kisutch). J, Fish. Res. Bd. Canada JO: 
8Jl-8J4. 
Wedemeyer, G. 
diseases. 
8 pp. 
1974, Stress as a predisposing factor in fish 
U.S. Dept. Interior, Fish and Wildl. Serv., FDL-J8. 
Wedemeyer, G. and K. Chatterton. 1970, Some blood chemistry values 
for the rainbow trout (Salmo gairdneri). J. Fish. Res. Bd. 
Canad.a 27(6)11162-1164. 
Wedemeyer, G. and K. Chatterton. 1971. Some blood chemistry values 
for the cho o salmon (Oncorhynchus kisutch). J. Fish. Res. Bd. 
Canad.a 28:606-608. 
Wedemeyer, G., F. Meyer, and L.S. Smith. 1977, Environmental stress 
and fish diseases. Tropical Fish Hobbyist Publ., Neptune City, 
New Jersey. 200 pp. 
Wedemeyer, G., and W.T. Yasutake. 1977, Clinical methods for the 
assessment of the effects of environmental stress on-fish health. 
U.S. Fish Wildl. Serv., Tech. Pap. 89. 18pp. 
49 
Weinreb, E.L. 19.58. Studies of the histology and histopathology of 
the rainbow trout (Salmo gairdneri). I. Hemetology under normal 
and experimental conditions of inflammation. Zoologica 431145-
153. 
Wellbron, T.L. and J.H. Barkley. 1973. Study on the survival of 
tournament released bass on Ross R. Barnett Reservoir, April 
1973. Proc. 27th Annual Conf. SE Assoc. Game and Fish, Comm., 
512-519,
Wendt, C. 1967. Mortality in hatchery reared Salmo salar L. after 
exercise. Inst. Freshwater Res. Drottingholm 47°'i98:rl2. 
Wasterman, F.A. 1932. Experiments show insignificant loss of hooked 
immature trout when they are returned to the water. Michigan 
Dept. Conserv., Monthly Bulletin 2(12)11-16. 
Wulff, L. 1973, The myths that are exhausting our angling resources. 
Sports Afield 170(2):52-53, 118, 120-121, 
Wydoski, R.S, and G.A. Wedemeyer. 1976, Problems in the physiologi­
cal monitoring of wild fish populations. Annu. Conf. West. 
Assoc. Game Fish Comm., Proc. 561200-214. 
Wydoski, R.S., G.A. Wedemeyer, and N.C. Nelson. 1976, Physiological 
response to hooking stress in hatchery and wild rainbow trout 
(Salmo gairdneri). Trans. Am. Fish. Soc.:601-606. 
50 
VITA 
Arthur Wayne Gustaveson 
Candidate for the Degree of 
Master of Science 
Thesiss Physiological Response to Hooking Stress in Largemouth Bass, 
Micropterus salmoides 
Major Fields Fishery Biology 
Biographical Inf'ormation: 
Personal Data: Bon1 at Salt Lake City, Utah, April 3, 1947, son 
of Arthur W. and Elvira Packer Gustaveson; married Charlene 
Dibble March 18, 1968: two children Shauna and Brett. 
F.ducation: Attended elementary school in Bountiful, Utah; 
graduated from Bountiful High School in 1965; received 
Associate of Science degree from Weber State College in 
1967; received Bachelor of Science degree from University 
of Utah, with a major ln political science, in 1969; 
received a second Bachelor of Science degree from Utah 
State University, with a major in Fishery Management, in 
1974; entered Graduate School at Utah State University 
as a M.S. Candidate in 1974. 
Professional Experiences 1975, research biologist, Utah Divi­
sion of Wildlife Resources, at Lake Powell; 1975, fishery 
aid, Utah Division of Wildlife Resources, at Bear Lake; 
1975, research assistant, Utah State University; 1974, 
fishery aid, Utah Division of Wildlife Resources, 
Northeni Region. 
Military Experience z 1969 to 1973, Officer in Marine Corps; 
1973, Administrative and Executive Officer, Headquarters 
and maintenance Squadron, Marine Corps Air Station (MCAS), 
Yuma, Arizona; 1972, Officer-in-Charge, M�rine Air Traffic 
Control Unit-61, MCAS Yuma, Arizona; 1971, Radar Watch 
·Officer, MCAS Futema, Okinawa; Radar Watch Officer, Marine
Corps Auxillary Landing Field, Bouge Field, North Carolina.
Honorary and Professional Memberships 1975, Phi Kappa Phi, 
National Honor Society; 1974, Bonneville Chapter, American 
Fishery Society •. 
